THE NERVOUS CONTROL OF MOVEMENT1
		1A postgraduate lecture delivered to the Victorian members of the Australian Physiotherapy Association.  by Curtis, J. Bryant
THE AUSTRALIAN JOURNAL OF PHYSIOTHERAPY
THE NERVOUS CONTROL OF MOVEMENTl
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It occurred to me that, as you, as a pro-
fession, are most intimately concerned with
an individual's control of movement and in
the retraining of that control, if lost, it
would be worthwhile to enquire into the
generally accepted theories of the nervous
mechanisms involved and into the manner
in which work of recent years may modify
the traditional view.
The traditional view may be briefly stated
as follows: that the motor Rolandic region
initiates lnovements of the opposite side of
the body and that these impulses, thus
initiated, pass via the pyramidal tract to the
anterior horn cell (the "final C01TIIllOn path-
way"), where other systems, particularly
the cerebellar, exert their influence, and
from the anterior horn cells the lTIotor
impulses pass to initiate muscle contraction
and relaxation. It is implied in this view
that the concept of movements only arises
in the Rolandic region and the intricate
muscle movement combinations are thus
worked out at a lower level autolnatically.
The will to make a movement arises in the
"mind" which stimulates the Rolandic
region to initiate the mechanism.
Before questioning or amplifying this
viewpoint let me review the anatomical and
physiological basis of it.
T. Stimulation of the Rolandic area, the
"precentral motor cortex", gives movements
of the appropriate contralateral side of the
body.
2. There is an orderly pattern, in this
precentral cortex, of areas controlling dif-
ferent parts of the body. The pattern, well
known to you, proceeds upwards roughly in
the order of face, arm, leg, trunk.
3. The precentral cortex is characterized
by the presence of the Betz cells which are
not present elsewhere.
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4. The region is connected by the
pyramidal tract to the spinal cord and the
anterior horn cells.
s. Demonstrable lesions, such as hremor-
rhage or tUlnOUf, of the Rolandic area
cause paralysis of the opposite side of the
body, and, similarly, lesions of the
pyramidal tract throughout its course do so
also. Generally speaking, the two types of
lesions are differentiated according to the
extent of the effect, a pyramidal lesion
(acting on a small and concentrated bundle
of fibres) tending to cause a much more
widespread effect.
6. An anterior horn cell appears to con-
trol about one hundred motor fibres which
may be looked on as a muscle unit.
7. Apart from destructive lesions, such
as tumours and hremorrhage and trauma, it
tuay be worthwhile to remember, at this
stage, the usually accepted view of the blood
supply to these parts of the brain and spinal
cord.
(a) The internal carotid artery divides,
inside the cranium, into the anterior and
middle cerebral arteries.
(b) The anterior cerebral artery supplies
the leg area.
( c) The middle cerebral artery supplies
the face, arm, and, in the major hemisphere,
the speech area.
(d) Perforating arteries, from each or
both, supply the internal capsule where the
pyramidal tract first comes together as a
discrete band.
(e) The spinal arteries, which Inay be
looked on as a continuous anastomotic blood
supply, fed segmentally by successive spinal
arteries coming into the cord via the nerve
roots, supply the spinal cord throughout its
length.
These facts, and this view, tend to be
somewhat limiting. They do not accord
entirely with new knowledge and, in par-
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ticular, are limiting in our concept of treat-
ment.
I shall now review more modern know-
ledge and concepts.
A. The Pyramidal System.
I. The Betz cells of the motor cortex
only contribute about two or three per
centum of the fibres in the pyramidal tract.
Fibres from Areas 2 and 5 of the parietal
lobe (usually associated with sensation)
and of Area 6 of the parietal lobe and of
the temporal lobe also run in the tract.
2. It was first pointed out by Sherrington
many years ago, and recently confirmed by
Glees, that degeneration in the pyramidal
tract resulting from precise lesions in either
arm or leg area are not confined to the
cervical or lumbar enlargements of the
spinal cord. In other words, fibres in the
pyramidal tract which go to other muscles
also degenerate. This means, and, on reflec-
tion, it is obviously so, that the cerebral
cortex, in order to move one limb, must
have simultaneous control of the other
extrelTIities and of the limb; and this con-
trol arises from the same localized cerebral
centre.
3. Remember that from fifteen to thirty
per centum of the pyramidal tract remains
uncrossed.. This means that any part of the
motor cortex is able to exert some bilateral
effect.
4. The majority of pyramidal tract fibres
(eighty to ninety per centum) do not end
at the anterior horn cells. They end at inter-
nuncial neurones in the vicinity of the
anterior horn cells.
This means that the pyramidal tract ends,
not at the final cell, but in a commanding
position just near it, fr01TI whence it is able
to exert control over all incoming sensory
and other impulses.
5. There are other motor areas. This has
been clearly shown by Penfield in Canada.
They are in the parietal10be and around the
Sylvian fissure.
B. The Extra-Pyran-tidal System.
I. Association Tracts. It is to be remem-
bered that there is a vast series of associa-
tion fibres and tracts connecting the
different parts of the cortex to deeper struc-
tures and, via spinal tracts, to the anterior
horn cells. These pass from the cortex to
the thalamus, pons, substantia nigra, red
nucleus, cerebellum, hypothalamus, and, in
addition, fibres from the motor cortex itself
also pass to these other centres. In par-
ticular we may note the "tremor" associated
with lesions of the anterior part of the
thalamus, and the peculiar rigidity asso-
ciated with lesions in the region of the red
nucleus.
2. The Cerebellar System. Recent
advances have shown that there is some
localization of function of the cerebellum.
It is mainly concerned with the coordination
of movement and the maintenance of
normal tone and of the ability of alternating
movements.
C. The Blood Supply.
Of recent years one has had the oppor-
tunity to study the blood supply to various
parts of the brain by virtue of the increas-
ing number of operations carried out on
cerebral aneurysms. From direct personal
experience it has become obvious that our
ideas need to be recast.
I. Complete blockage of the anterior
cerebral artery does not result in paralysis
of a leg.
2. It is extraordinary how great a pro-
portion of the middle cerebral branches
can be interrupted without causing any
paralysis.
3. Still luore extraordinary is the ability
to recover movelnent in a paralysed limb,
after weeks or even months, when the
normal blood supply to that part of the
motor cortex has been permanently cut off.
To my mind, there can be only two pos-
sible explanations of this.
(a) That there is the possibility of a
collateral circulation arising, and that the
anterior and middle cerebral fields overlap,
at least potentially. This is directly oppo-
site to usual teaching.
(b) The other possibility is that other
areas of the cortex can learn to control
movement. I think, myself, that this is
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highly probable; and the work of Krynauw,
in South Africa, strongly supports this. It
is worthwhile to review his work briefly.
In 1951 he published the results of remov-
ing the whole hemisphere in selected cases
of "infantile hemiplegia". These cases were
characterized by hemiplegia, behaviour
problems, and epilepsy. By removing the
whole hemisphere on the appropriate side
the behaviour problems and epilepsy were
greatly improved and usually cured. But
(and this is most remarkable) the paralysis
was not made worse and in some cases
was materially improved. In other words,
one hemisphere was able to take over the
control of movement of both sides of the
body. In some cases there has been
improvement in speech.
D. Psychomotor Epilepsy.
In recent years this peculiar form of
epilepsy has been studied. It consists of
epileptic attacks mainly characterized by
peculiar and sometimes violent behaviour.
It is frequently found in association with
an electroencephalogram abnormality, par-
ticularly in the temporal lobe; and surgical
removal of the temporal lobe has often
resulted in a cure. I mention this to give
an example of how parts of the brain, other
than the motor cortex, may exert a pro-
found influence on "movement".
E. The HFeed Back" Principle.
In modern electronics it has been found
that activity in the circuit may be the basis
for further future activity in the circuit,
independent of anything further being put
into it'l It is the basis of the so-called
"electronic brain". It provides a reasonable
basis for our view of the functioning of
the brain. I have mentioned, earlier, the
various projection pathways of the motor
system which exert their control over move-
ment. But the various deeper centres of
the brain, which receive these proj ection
fibres, are not only receiving vast masses
of sensory impulses from the external
world via the spinal cord, visual and aural
pathways, but are also themselves "feeding
back" to the cortex continuously. They are
also in close connection with the hypo-
thalamus, that part of the brain which is
intimately connected with the endocrine
system and probably with emotional life.
Conclusion..
In this brief review I have tried to give
a picture of the modern idea of how the
brain exercises its control over movement,
of the mechanisms involved, and of the
factors which influence it. The general
conclusion to which one is forced is that
the possible variations are far greater than
the older more rigid concept allowed. And
our modern clinical experience supports this
viewpoint.
Are there any practical implications? I
think there are, and that they are very
important in physiotherapy.
I. There are few cases of paralysis, of
the so-called upper motor neurone type,
which are hopeless trom the point of view
of recovery.
2. The secondary results of such paralysis
must be rigorously fought and prevented
in the pre-recovery stage.
3. There is no doubt, in my mind, that
the key to recovery lies in the mind of the
patient. If you can come into close relation
with the patient's mind and personality, and
give him the "will" to recover, then you
can achieve something. And the general
technique of teaching that mind is to reteach
movement by aural, visual, mechanical,
senSOl;Y and, above all, psychological means.
This can never be mechanical and must
always be a direct relationship between you
and your patient.
